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The glutamate dehydrogenase (GDH) activities for the type strains of Prevotella ruminicola (strain 23),
Prevotella brevis (strain GA33), and Prevotella bryantii (strain B14) were assessed by a combination of enzyme
assays and analysis of migration patterns of GDH proteins following nondenaturing polyacrylamide gel
electrophoresis. Unlike results with most other prokaryotes, but similar to results with other members of the
family Bacteroidaceae, NADPH-utilizing specific activity was greatest in all species following ammonia-limited
growth. Similar also to previous findings with P. bryantii, the NAD(P)H-utilizing GDH activity of P. ruminicola
can be attributed to a single protein. However, P. brevis produces an additional GDH protein(s) in response to
growth with peptides. These results conclusively demonstrate that all type strains of the ruminal Prevotella sp.
grouping possess GDH activity.
Prevotella spp. are a numerically predominant group of ru-
minal bacteria considered to occupy a central role in carbohy-
drate and protein degradation in the gut (12, 15). However,
little is known about nitrogen metabolism and regulation in
these bacteria. One interesting feature is their inability to uti-
lize single amino acids or small peptides as a nitrogen source,
although large oligopeptides (and ammonia) are readily uti-
lized. However, since the original description of the nitrogen
requirements of the Prevotella ruminicola type strains by Pitt-
man and Bryant (11), others have reported that strain GA33 is
incapable of ammonia assimilation, presumably due to the
absence of glutamate dehydrogenase (GDH) enzyme activity
(10). Russell (13) also showed that ruminal Prevotella spp.
respond differently to a combination of relatively high concen-
trations of glucose (50 mM) and low concentrations of ammo-
nia (3.6 mM) in growth media. Several strains produced mea-
surable amounts of methylglyoxal, and in strain B14, the type
strain of Prevotella bryantii, methylglyoxal production was cor-
related with a dissipation of the transmembrane K1 gradient
and decreased cell viability (glucose toxicity). However, unlike
with enteric bacteria (4), methylglyoxal accumulation in P.
bryantii occurred independently of phosphate limitation and
appeared to be related to other aspects of carbon and/or ni-
trogen metabolism (13). Because GDH is an enzyme which can
play a key role in linking carbon and nitrogen metabolism, the
differences among Prevotella spp. in relation to methylglyoxal
production and glucose toxicity might be explained, at least in
part, by variations in GDH enzyme activity and expression. We
report here the features of GDH enzyme activities for the type
strains of P. ruminicola (strain 23) and Prevotella brevis (strain
GA33), as well as some additional features of GDH enzyme
activity from P. bryantii (strain B14).
GDH activity and its response to a nitrogen source. All
bacterial strains were kindly provided by M. A. Cotta, USDA-
National Center for Agricultural Utilization Research, Peoria,
Ill. The bacteria were grown in glucose minimal medium (7)
prepared to contain either 1 or 10 mM ammonium chloride or
1.5% (wt/vol) Trypticase (lot 1000 K9DHCR; Becton Dickin-
son Laboratories, Cockeysville, Md.) as the sole nitrogen
source. GDH activity was measured by monitoring the oxida-
tion of NAD(P)H at 340 nm as described previously (16). In
consideration of the fact that P. ruminicola strains generally
maintain a cytoplasmic potassium (K1) pool in excess of 200
mM (13), a series of assays were also conducted with addition
of KCl (final concentration, 0.2 M) to the reaction mixtures.
The results of these assays are shown in Table 1. Similar to
previous findings with P. bryantii B14 (16), both strain 23 and
strain GA33 possess measurable amounts of both NADPH-
and NADH-utilizing GDH activities. In the presence of 0.2 M
KCl, NADPH-utilizing activity was maximal following growth
with 1 mM ammonia, and there was a marked reduction in this
enzyme activity in all three strains when peptides were pro-
vided as the sole nitrogen source. The NADH-utilizing enzyme
activity was negatively affected in all three strains by KCl ad-
dition, with the exception of strain GA33 following growth on
peptide-nitrogen. Interestingly, the NADH-utilizing activity
was consistently higher in strain GA33 following growth on
peptides.
Because the greatest change in GDH enzyme activity ap-
pears to be in response to growth in the presence of peptides,
all three Prevotella type strains were grown to early log phase
in defined medium containing 10 mM ammonium chloride and
then shocked by the addition of a prereduced, anaerobically
sterilized solution of Trypticase to give a peptide concentration
of 1.5% (wt/vol). Control cultures received a similar volume of
prereduced, anaerobically sterilized distilled water. Cultures
were harvested at either 20 min or 1 doubling time (;80 min)
after the addition of Trypticase, and GDH specific activities
were determined. Addition of Trypticase to cultures of all
three strains already growing on ammonia resulted in substan-
tial reductions in NADPH-utilizing GDH activity (Table 2),
although the times required for the decreases in enzyme ac-
tivity were different among strains. In strain B14, significant
reductions were not observed until 1 doubling time after the
addition of Trypticase (72 min). In contrast, NADPH-utilizing
GDH specific activity decreased 60 and 90% in strains 23 and
GA33, respectively, within 20 min of the addition of peptides.
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Interestingly, the NADH-utilizing GDH specific activity in
strains GA33 and 23 appeared to increase once peptides had
been added to the growth medium and the cells were allowed
to grow for 1 doubling time (Table 2).
Southern blot analysis and GDH enzyme migration patterns
in nondenaturing polyacrylamide gel electrophoresis (PAGE).
Chromosomal DNA was isolated from all three strains by fol-
lowing standard procedures (16), digested with EcoRI, and
subjected to agarose gel electrophoresis. After electrophoresis,
the DNA fragments were depurinated and denatured and then
transferred to a Zeta-probe GT membrane with a vacuum
blotting apparatus (Bio-Rad Laboratories, Hercules, Calif.). A
1.3-kb HindIII fragment from strain B14 GDH structural gene
gdhA (pANS701) (16) was radiolabelled with [a-32P]dCTP by
random primer labelling and allowed to hybridize with the
membrane overnight at 43°C as described previously (16). Al-
though the DNA probe hybridized strongly with chromosomal
DNA from strain B14 as expected, no cross-hybridization was
seen with chromosomal DNA isolated from either strain 23 or
strain GA33 (data not shown). We interpret these results as
demonstrating that the gdh structural genes among these Pre-
votella strains are not highly homologous.
The mobilities of GDH proteins in PAGE activity gels have
previously been used as a means to differentiate among bac-
teria originally classified as species of the genus Bacteroides,
which include those bacteria now assigned to the genus Pre-
votella (14). However, in these earlier studies only NAD1 was
used as a cofactor and ruminal isolates representing all major
Prevotella groups were not compared. The three Prevotella type
strains examined in this study were harvested at mid-log phase,
following growth with either 10 mM ammonium chloride or
1.5% (wt/vol) peptides as the sole nitrogen source. Cells were
disrupted by two passages through a French pressure cell
(220,000 kPa; SLM Instruments, Inc., Urbana, Ill.), and unbro-
ken cells and large debris were removed by centrifugation at
15,000 3 g at 4°C for 15 min. Aliquots of the resulting cell
extract (20 mg of total protein) were subjected to nondenatur-
ing PAGE. The separated GDH proteins were visualized by
previously described procedures, with NAD(P)1 as the cofac-
tor (3, 6, 16), and the migration patterns of the GDH proteins
for each strain were distinct (Fig. 1). The NADP1-positive
staining bands were most intense in cell extracts prepared from
ammonia-grown cells, consistent with such growth conditions
giving rise to the highest levels of NADPH-utilizing activity. Of
the three type strains evaluated, P. brevis GA33 also appeared
to produce multiple GDH proteins, and their relative abun-
dance seems to be affected by the N source available for
growth. The upper-migrating band appears to be NADP(H)
utilizing and in greatest abundance in ammonia-grown cells.
The lower-migrating band(s) appears to be more active when
NAD1 is used as a cofactor and in greatest abundance follow-
ing growth of the strain on peptide-nitrogen. The results pre-
sented here unequivocally demonstrate that P. brevis does in-
deed possess GDH enzyme activity. In this regard, P. brevis
appears to be quite similar to the human colonic Bacteroides
spp., which also possess multiple GDH enzymes (2, 17),
whereas strains B14 and 23 appear to possess only single en-
zymes.
As might be expected, there were similarities and differences
among the type strains examined in terms of GDH activity.
The NADPH-utilizing activities in P. ruminicola and P. bryantii
(but not P. brevis) increased twofold in response to ammonia-
limited growth, and NADPH specific activities in all strains
were reduced in response to growth on peptides (Table 1).
Although the latter result is not surprising relative to other
prokaryotes, the increase in GDH specific activity in response
to ammonia limitation is unusual. Studies of the NAD(P)H-
utilizing GDH enzyme of Bacteroides fragilis have shown that
this enzyme is subject to a reversible activation-inactivation
mechanism, apparently in response to the ammonia concen-
tration in the growth medium (18). In P. bryantii B14, it appears
that the GDH enzyme is regulated in response to the nitrogen
source at the level of transcription (16) and the reduction in
specific activity following 1 doubling time after the addition of
TABLE 1. GDH activities in three Prevotella type strains in response to ammonia concentration and nitrogen source
Cofactor, assay
condition
GDH sp act (nmol/min/mg) with indicated addition to reaction mixturea
P. bryantii B14 P. ruminicola 23 P. brevis GA33
1 mM
NH4Cl
10 mM
NH4Cl
1.5%
Trypticase
1 mM
NH4Cl
10 mM
NH4Cl
1.5%
Trypticase
1 mM
NH4Cl
10 mM
NH4Cl
1.5%
Trypticase
NADPH, no KCl 681.8 333.9 66.3 101.2 39.3 35.0 65.0 63.8 86.1
NADH, no KCl 82.3 64.3 25.0 148.9 58.9 59.7 97.6 90.0 103.0
NADPH, 0.2 M KCl 1,343.7 759.1 167.2 557.8 216.7 26.1 370.1 299.5 99.0
NADH, 0.2 M KCl ,10 ,10 ,10 27.0 22.4 32.0 20.9 19.1 66.3
a NADPH- and NADH-utilizing specific activities are expressed as nanomoles of NAD(P)H oxidized per minute per milligram of protein. Data represent means of
results from no less than four separate observations from two different experiments, and the coefficients of variation were less than 10%.
TABLE 2. Effect of peptide shock on GDH activities in three Prevotella type strains
Treatment
GDH sp act (nmol/min/mg) with indicated cofactora
P. bryantii B14 P. ruminicola 23 P. brevis GA33
NADPH NADH NADPH NADH NADPH NADH
Control (no peptides added) 558.2 6 48.8 ,10 214.0 6 52.9 15.3 6 3.2 281.7 6 4.3 28.8 6 5.3
Harvested at 20 minb 452.0 6 35.5 ,10 88.9 6 25.9 29.5 6 6.1 32.4 6 3.1 37.7 6 5.0
Harvested at 1 doubling timeb 304.0 6 13.3 ,10 88.9 6 18.1 64.4 6 19.5 40.3 6 2.7 73.0 6 10.5
a Data presented in this table are the results when 0.2 M KCl was included in the reaction mixture and are means 6 standard deviations of results from no less than
four separate observations from two different experiments.
b Relative to the addition of Trypticase to give a peptide concentration of 1.5% (wt/vol).
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peptides is consistent with this. However, GDH activities in P.
ruminicola 23 and P. brevis GA33 were reduced approximately
60 and 90%, respectively, within 20 min of the addition of
peptides (Table 2), suggesting that modulation of enzyme ac-
tivity, rather than (or in addition to) enzyme synthesis, may
occur in these two strains. To address whether the reductions
in enzyme specific activities were correlated with changes in
the relative abundance of GDH protein, we attempted to use
polyclonal anti-GDH antibodies known to cross-react with the
GDH proteins from a diverse range of prokaryotes (kindly
provided by Frank Robb, Marine Biotechnology Institute, Uni-
versity of Maryland). However the results were inconclusive:
the antibodies were only weakly reactive with proteins from P.
ruminicola 23 and nonreactive with proteins from P. brevis
GA33 (data not shown).
The glucose toxicity effect due to methylglyoxal production
in some Prevotella spp. seems to result from an imbalance
between the carbon (energy) source and the nitrogen source.
Coincident with methylglyoxal accumulation in P. ruminicola
B14 is a decline in intracellular K
1 and ultimately cell viability
(13). Studies with Salmonella spp. and Escherichia coli have
shown that the intracellular pools of potassium and glutamate
are tightly linked (9) and that the potassium (K1) efflux sys-
tems are involved in protection against methylglyoxal toxicity
(5). Whether the K1 efflux observed in P. ruminicola B14 is a
reflection of a protective mechanism in response to methyl-
glyoxal production, a reduction in ammonia assimilation and
glutamate biosynthesis due to low concentrations of external
ammonia (19), or both remains to be determined.
During the final preparation of the manuscript for publica-
tion, the strains used here and in an earlier study (16) were
proposed to serve as the type strains for the three major spe-
cies of Prevotella of ruminal origin (1). When the GDH struc-
tural gene from strain B14 was used as a probe in Southern
blots, no cross-hybridization was seen with chromosomal DNA
extracted from the type strains of P. ruminicola and P. brevis. It
seems that the gdh genes of the respective isolates are not
highly homologous, consistent with the genetic diversity
present within this genus (1, 8). The extent of the diversity
among isolates was further confirmed by PAGE activity gels;
each strain produced a unique GDH activity profile, provided
that both NADP1 and NAD1 were used and the isolates were
cultivated in both ammonia- and peptide-containing media.
This research has been supported by the University of Nebraska’s
Center for Biotechnology, the Agricultural Research Division, Insti-
tute of Agriculture and Natural Resources, University of Nebraska,
Lincoln (project NEB-13-119), and the USDA Competitive Grants
Research Program (grant 9440481). Zezhang Wen is the recipient of a
Graduate Research Associateship from the University of Nebraska’s
Center for Biotechnology.
REFERENCES
1. Avgustin, G., R. J. Wallace, and H. J. Flint. 1997. Phenotypic diversity among
ruminal isolates of Prevotella ruminicola: proposal of Prevotella brevis sp.
nov., Prevotella bryantii sp. nov., and Prevotella albensis sp. nov. and redefi-
nition of Prevotella ruminicola. Int. J. Syst. Bacteriol. 47:284–288.
2. Baggio, L., and M. Morrison. 1997. The NAD(P)H-utilizing glutamate de-
hydrogenase of Bacteroides thetaiotaomicron belongs to enzyme family I, and
its activity is affected by trans-acting gene(s) positioned downstream of gdhA.
J. Bacteriol. 178:7212–7220.
3. Consalvi, V., R. Chiaraluce, L. Politi, A. Gambacorta, M. D. Rosa, and R.
Scandurra. 1991. Glutamate dehydrogenase from the thermoacidophilic ar-
chaebacterium Sulfolobus solfataricus. Eur. J. Biochem. 196:459–467.
4. Cooper, R. A. 1984. Metabolism of methylglyoxal in microorganisms. Annu.
Rev. Microbiol. 38:49–68.
5. Ferguson, G. P., A. D. Chacko, C. Lee, and I. R. Booth. 1996. The activity of
the high-affinity K1 uptake system Kdp sensitizes cells of Escherichia coli to
methylyglyoxal. J. Bacteriol. 178:3957–3961.
6. Glass, T. L., and P. B. Hylemon. 1980. Characterization of a pyridine-
nucleotide nonspecific glutamate dehydrogenase from Bacteroides thetaio-
taomicron. J. Bacteriol. 141:1320–1330.
7. Madeira, H. M. F., L. Peng, and M. Morrison. 1997. Biochemical and
mutational analysis of a gingipain-like peptidase activity from Prevotella
ruminicola B14 and its role in ammonia production by ruminal bacteria.
Appl. Environ. Microbiol. 63:670–675.
8. Mannarelli, B. M., L. D. Ericsson, D. Lee, and R. J. Stack. 1991. Taxonomic
relationships among strains of the anaerobic bacterium Bacteroides rumini-
cola determined by DNA and extracellular polysaccharide analysis. Appl.
Environ. Microbiol. 57:2975–2980.
9. McLaggan, D., J. Naprstek, E. T. Buurman, and W. Epstein. 1994. Interde-
pendence of K1 and glutamate accumulation during osmotic adaptation of
Escherichia coli. J. Biol. Chem. 269:1911–1917.
10. Nill, N., and J. D. Brooker. 1995. A defined medium for rumen bacteria and
identification of strains impaired in de novo biosynthesis of certain amino
acids. Lett. Appl. Microbiol. 21:69–74.
11. Pittman, K. A., and M. P. Bryant. 1964. Peptides and other nitrogen sources
for growth of Bacteroides ruminicola. J. Bacteriol. 88:401–410.
12. Robinson, I. M., M. J. Allison, and J. A. Bucklin. 1981. Characterization
of the cecal bacteria of normal pigs. Appl. Environ. Microbiol. 41:950–
955.
13. Russell, J. B. 1993. Glucose toxicity in Prevotella ruminicola: methylglyoxal
accumulation and its effects on membrane physiology. Appl. Environ. Mi-
crobiol. 59:2844–2850.
14. Shah, H. N., and R. A. D. Williams. 1982. Dehydrogenase patterns in the
taxonomy of Bacteroides. J. Gen. Microbiol. 128:2955–2965.
15. vanGylswyk, N. O. 1990. Enumeration and presumptive identification of
FIG. 1. Electrophoretic mobilities of NADP1-utilizing (A) and NAD1-utilizing (B) GDH proteins from three Prevotella type strains. Lanes 1 and 2 contain cellular
proteins from P. brevis GA33, lanes 3 and 4 contain cellular proteins from P. ruminicola 23, and lanes 5 and 6 contain proteins from P. bryantii B14. Extracts prepared
from peptide-grown cultures are loaded in odd-numbered lanes, and extracts from ammonia-grown cells are loaded in even-numbered lanes. Proteins were subjected
to nondenaturing PAGE and enzyme activity staining in the presence of 0.2 M KCl, according to previously described procedures (16).
3316 WEN AND MORRISON APPL. ENVIRON. MICROBIOL.
 o
n
 N
ovem
ber 10, 2015 by University of Queensland Library
http://aem
.asm
.org/
D
ow
nloaded from
 
some functional groups of bacteria in the rumen of dairy cows fed grass
silage-based diets. FEMS Microbiol. Ecol. 73:243–254.
16. Wen, Z., and M. Morrison. 1996. The NAD(P)H-dependent glutamate de-
hydrogenase activities of Prevotella ruminicola B14 can be attributed to one
enzyme (GdhA) and gdhA expression is regulated in response to the nitrogen
source available for growth. Appl. Environ. Microbiol. 62:3826–3833.
17. Yamamoto, I., A. Abe, H. Saito, and M. Ishimoto. 1984. The pathway of am-
monia assimilation in Bacteroides fragilis. J. Gen. Appl. Microbiol. 30:499–508.
18. Yamamoto, I., H. Saito, and M. Ishimoto. 1987. Regulation of synthesis and
reversible inactivation in vivo of dual coenzyme-specific glutamate dehydro-
genase in Bacteroides fragilis. J. Gen. Microbiol. 133:2773–2780.
19. Yan, D., T. P. Ikeda, A. E. Shauger, and S. Kustu. 1996. Glutamate is
required to maintain the steady-state potassium pool in Salmonella typhi-
murium. Proc. Natl. Acad. Sci. USA 93:6527–6531.
VOL. 63, 1997 GLUTAMATE DEHYDROGENASE OF RUMINAL PREVOTELLA SPP. 3317
 o
n
 N
ovem
ber 10, 2015 by University of Queensland Library
http://aem
.asm
.org/
D
ow
nloaded from
 
